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EFFECTIVENESS  OF  STANDARD  TEST  FLUIDS  IN 


EVALUATING  THE  FUEL  RESISTANCE  OF  ELASTOMERS 


I.  INTRODUCTION 

1.  Subject.  This  report  details  investigations  conducted  and  results  obtained 
in  efforts  to  evaluate  the  reliability  of  standard  reference  or  test  fuels  used  to  deter- 
mine the  resistance  of  elastomeric  compounds  to  deterioration  in  physical  properties 
resulting  from  contact  with  aromatic  and  other  deleterious  constitutents  of  commer- 
cial gasoline  and  related  fuels. 

2.  Background.  Deterioration  of  rubber  end  items  such  as  gaskets,  O-rings, 
hoses,  and  coated  fabrics  used  in  fuel  storage  tanks  is  essentially  proportional  to  the 
aromatic  content  of  the  fuel  to  which  the  elastomer  is  periodically  or  continually 
exposed.  The  technology  of  producing  gasolines  and  their  ultimate  composition  is 
constantly  changing.  Ecological  factors,  such  as  pollution  consciousness,  and  the 
uncertainties  associated  with  immediate  and  future  sources  of  supply  (grade  and 
composition  of  petroleum  resources)  have  further  complicated  the  task  of  keeping 
pace  with  the  state-of-the-art.  Fuels  having  an  aromatic  content  as  high  as  60 % are 
known  to  be  in  use  to  satisfy  certain  engine  performance  requirements. 

The  evolution  in  recent  years  of  three  distinct  classes  of  gasolines  - leaded, 
low-leaded,  and  unleaded  - to  satisfy  tighter  exhaust  emission  control  standard;, 
has  created  additional  confusion.  Additives  placed  in,  or  removed  from,  fuel,  to 
reduce  emission  pollution  have  confounded  correlation  of  these  deterioration/aroma’ic 
content  relationships.  Since  these  additives  are  in  low  concentrations,  their  con- 
tribution. if  any,  to  accelerate  rubber  deterioration  is  practically  impossible  to  discern. 


Fuel  resistance  of  elastomeric  compounds  is  generally  determined  by  measur- 
ing the  amount  of  swelling  and  deterioration  of  physical  properties  after  immersion 
of  specimens  in  standard  reference  fuels  of  known  aromatic  content.  These  reference 
fuels  are  detailed  in  ASTM  Method  D-471  and  Federal  Test  Method  Standard  (FTMS) 
601 . Method  6001.  ASTM  Reference  Fuel  A of  D-417  corresponds  to  Medium  No.  4 
in  Method  6001  and  is  composed  of  100%  isooctane.  Reference  Fuel  B of  D-417 
consists  of  70%  isooctane  and  30%  toluene,  by  volume,  and  is  equivalent  to  Medium 
No.  6 in  Method  6001.  D-471  also  lists  a Reference  Fuel  C which  is  50/50  isooctane/ 
toluene  by  volume.  The  nearest  Method  6001  equivalent  is  Medium  No.  5,  a blend 
of  isooctane,  toluene,  xylene,  and  benzene  in  a 60/20/15/5  ratio  by  volume.  Method 
6001  also  references  Mediums  7,  8,  and  9 which  consist  of  100%  benzene,  toluene, 
and  xylene,  respectively. 
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Recent  discoveries  regarding  the  carcinogenic  nature  of  hen/ene  and  sub- 
sequent  OSH  A directives  forbidding  its  further  use  have  disqualified  Medium  5 of 
Method  tiOO  I . Thus,  at  present  there  is  no  accepted  reference  fuel  containing  40". 
aromatic  hydrocarbons. 

T he  objectives  of  tins  program  were,  therefore: 

a.  To  evaluate  the  fuel  resistance  of  representative  elastomeric 
compounds  exposed  in  commercial  leaded,  low-leaded,  and  unleaded  gasolines. 

b.  To  ascertain  whether  relationships  could  be  established  between 
the  severity  of  deterioration  and  the  relative  content  of  aromatic  constituents  or 
other  additives  in  the  gasolines. 

c.  To  determine  the  relevance  of  the  various  aromatic  components 
of  Medium  No.  5 and  to  determine  their  individual  contribution  to  elastomer  deter- 
ioration. 


d.  To  recommend  a satisfactory  alternative  in  lieu  of  Medium  No.  5. 

e.  To  provide  recommendations  which  would  effect  adoption  of  a 
standard  series  of  fuels  accepted  by  both  ASTM  and  POD. 

I!.  INVESTIGATION 

3.  Scope.  Work  under  this  project  was  divided  into  two  phases.  The  first 
phase  encompassed  the  determination  of  the  extent  of  deterioration  in  physical  pro- 
perties of  elastomeric  compounds  exposed  to  commercial  fuels  and  gasolines  of  known 
composition.  These  fuels  included  leaded,  low-leaded,  and  unleaded  types.  The 
second  phase  concerned  similar  determinations,  employing  laboratory-prepared  test 
fuels,  both  standard  and  nonstandard,  of  varying  known  aromatic  content.  Fuels 
and  materials  used  in  each  phase  are  detailed  as  follows: 

a.  Phase  1 34  leaded,  low-leaded,  and  unleaded  fuels  were  used  in  t his 

investigation.  Tljey  were  obtained  by  various  means  from  producers,  other  govern- 
ment agencies;  and  laboratories  - and  to  maintain  randomness,  were  purchased  at 
service  stations  in  the  Washington,  P.(\  metropolitan  area  Additionally.  Reference 
Fuels  B and  C of  ASTM  D-471  and  Medium  No.  5 of  FTMS.  Method  <>00).  were 
included  as  typical  currently  used  reference  standards.  These  fuels,  their  sources, 
classes,  and  codejdentitications  for  further  reference  arc  shown  in  Table  1 . 
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table  I.  Phase  l fuel  Identification  (Cont'd) 


fuel  Noinenejature  Company 

14  Mobile  Pie-  Mobile  Oil  Corp 
iimiui  Sample 

.1 7 14.1 

15.  Mobil  Regular  Mobil  Oil  t’orp. 
Sample  .l"?  144 

lb.  Mobil  Special  Mobil  Oil  (’  :ry>. 
Sample  37145 

17.  Lexaeo  l ead-  Texaco,  Ine. 
t ree  Code  3b5LAP- 
3>>  7 

15  lexaeo  I ire  lexaeo.  Iiu. 

( hie I Covle 

370LAP-MS 

Id.  lexaeo  Sam-  lexaeo,  Ine. 
pie  No  CCL-I  713 


70  CRC  Sample 
No.  CCL-f  -743 


31.  Howell  Sam- 
ple No.  CCL-I  -744 


33.  I sso  Hie  Plus  Humble  Oil 
35.  JP-4 
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Table  I . Phase  I Fuel  Identification  (Cont'd) 

Fuel  Nomenclature  Company Refinery f uel  C lass  Code 


.24.  Mogas 

Obtained  from 
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of  MFRADCOM 

l euded 
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- 

FC 

27.  Med.  No.  5 
FTMSftOI 

- 

Prepared  in 
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11 

2X.  Sample  No. 
Ut.F-755 

Obtained  from 
Coating  & Chemical 
Lab.  Aberdeen  Prov- 
ing Ground.  Ml) 

Leaded 

C-5 

2‘>.  Sample  No. 
CCL-F-7ftft 

Obtained  from 
Coating  & Chemical 
Lab.  Aberdeen  Prov- 
ing Ground.  MD 

Leaded 

C-ft 

50.  Sample  No. 
CCL-F-777 

Obtained  from 
Coating  & Chemical 
Lab.  Aberdeen  Prov- 
ing Ground.  MD 

Unleaded 

C-7 

51.  Sample  No. 
CCL-F-785 

Obtained  from 
Coating  & Chemical 
Lab.  Aberdeen  Prov- 
ing Ground.  MD 

Unleaded 

c-s 
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American  Oil 
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Table  I.  Phase  I Fuel  Identification  (Cont'd) 


Fuel  Nomenclature  Company 

34.  Texaco,  Texaco 

AFLRF  Code 

No.  4138 

35.  Chevron,  Chevron 

AFLRF  Code 

No. 4013 

36.  Blend  I,  Amoco 

Amoco  Indolene 

Clear,  AFLRL 
Code  No.  4145 


Refinery  Fuel  Class  Code 

Obtained  by  South-  Low-Leaded  SW-3 
west  Research  from 
Los  Angeles,  CA 

Obtained  by  South-  Low-Leaded  SW-4 
west  Research  from 
Oakland,  CA 

Obtained  by  South-  Unleaded  SW-5 
west  Research. 

Described  as  100'/?' 

Indolene  Clear 


37.  Blend  2 Blended  by  South-  Unleaded  SW-6 

west  Research  con- 
taining 86%  Indolene 
clear  (Blend  I land 
14'?  aromatic  blend 
(composed  of  44. 3% 
toluene.  1 7.5'/,' 
xylenes,  and  38.2',? 
aromatic  solvent  No. 

100  boiling  range 
3 1 6-3  50°  l;). 


38.  Blend  3 Blended  by  South-  Unleaded  SW-7 

west  containing  70% 

Indolene  clear  and 
30%  aromatic  blend 
(see  item  37  for 

- blend  composition ). 
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Gas  chromatography  ami  other  laboratory  analytical  procedures  were 
I employed  to  obtain  a breakdown  of  each  fuel  in  terms  of  aromatic  concentration 

by  type  or  chain  structure  and  tetrotliyl/tetramethyl  lead  content.  This  information 
is  contained  in  Table  2.  A good  representative  range  of  aromatic  content  was  ob- 
tained from  a low  8. 1'V  to  a relatively  high  concentration  of  o2.‘C;. 

Seven  elastomeric  compounds,  representative  of  those  used  in  appli- 
cations requiring  fuel  resistance,  were  selected,  mixed,  and  vulcanized  as  6-  by  6-inch 
t test  sheets  having  a thickness  of  about  0.080  inch,  f ormulations  amt  curing  conditions 

| for  these  compounds  are  shown  in  Table  3. 

/ ; , Fuel-resistant  elastomers  also  play  a significant  role  m military  appli- 

| cations  as  coated  fabrics  in  fuel  storage  tanks  and  related  eiul  items.  Therefore,  two 

fabric-coating  materials,  a polyethcr  urethane  and  a polyester  urethane,  were  also 
included  m this  study.  These  materials,  whose  formulations  an*  proprietary,  were 
supplied  in  large  cured  sheets  by  Uniroyal,  Inc.,  the  manufacturer. 

b.  Phase  II  two  compounds,  the  polysulfhk*  and  the  medium  NBR 
i (designated  J-232  and  T-234).  were  not  included  in  this  phase*  of  the  program.  Other- 

wise. formulations  and  sample  preparation  were  the  same  as  in  Phase  I.  Sufficient 
materials  wen*  prepared  initially  in  the  laboratory  or  wen*  obtained  from  Uniroyal. 
Inc.  to  conduct  all  tests  under  both  phases.  Fuels  used  in  Phase  II  were  the  standanl 
AS  I'M  0-47 1 or  FTMS  oOl . Method  <H)0l  reference  fuels  or  variations  thereof.  The 
variations  were  selected  to  ascertain  more  precisely  the  relationships  between  toluene, 
! xylene,  and  benzene  as  are  encountered  in  fuels  such  as  Medium  No.  5.  Additional 

data  obtained  could  then  be  subjected  to  analysis  by  computerized  reduction  tech- 
niques. Composition  of  flu*  Phase  II  fuels  is  shown  in  Table  4. 

a 

' 4.  Tests  Conducted.  Initial  physical  properties  tensile  strength,  elongation, 

-Otf ; modulus,  ami  Shore  A hardness  were  determined  according  to  procedures 
detailed  in  ASIM  D-412  and  AS  I'M  D-2240.  Volume  swell  alter  4-  and  7-day  room 
temperature  immersion  for  Phase  I and  Phase  II  tests,  respectively,  was  determined 
according  to  Method  6211  ol  FTMS.  Retention  of  tensile  strength  and  elongation 
after  immersion  was  ascertained  according  to  IIMS  t*0l.  Method  oil  I,  with  rallies 
obtained  based  on  tbc  swollen  cross  sectional  area  per  paragraph  4.S,  I of  Method 
• (’III.  The  diffusion  rate  tests  (Phase  I only)  were  performed  m accordance  with 

the  provisions  of  Mil  - 1-52573.  paragraph  4. 6,2.2.  typically  used  to  evaluate  coatcd- 
labnc  materials  tor  Inel  tanks.  Test  procedures  followed  were  stnnlat  for  both  phases 
of  the  program.  However,  all  fuel  immersion  tests  were  not  conducted  m either  phase*. 
Data  obtained  were  deemed  siitlicieiil  to  substantiate  conclusions  ami  recommend. i 
turns  set  foitb  l.nei  m Ibis  report. 
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(/£)  /'/z  1 ir/v 

C>0  + 

V*/ 

6J.9 

.8 

5.1 

5.4 

14.1 

5.8 

.07  33.9 

1 '> ) 

7.0 

am-: 

56.5 

39.0 

i i 

7.1 

3.3 

.015  9.7 

5.8 

AM-! 

55.3 

.4 

33.2 

1.6 

5.3 

i -> 

.07  8.1 

4.4 

SW-7 

53.1 

.7 

'l  * 

- ~.o 

2. 1 

4.6 

3.4 

^.01  13.9 

5.0 

FC 

50.0 

50.0 

— 

C-l 

49.8 

.4 

33.9 

3.1 

7.4 

3.4 

.035  7.7 

5.8 

AM-4 

48.4 

.1 

33.4 

.7 

3.0 

1.1 

•01  13.5 

8.5 

SW-1 

46.4 

.8 

15.9 

3.9 

I0.H 

3.6 

'01  13.4“ 

HO-J 

45.7 

3.6 

16.5 

3.1 

9.5 

3.9 

• 34  6.5 

4.3 

SW-6 

41.9 

.7 

30.5 

1.4 

3.8 

1.8 

>.01  13.7“ 

T-3 

41.4 

1.6 

9,9 

3.6 

10.9 

3.6 

•04  7.8 

4.9 

sw-: 

40.6 

.9 

6.9 

1.9 

8.3 

3.0 

.44  19.7“ 

II 

40.0 

5.0 

30.0 

- 

15.0 

T-l 

38.9 

1.5 

9.8 

3.6 

10.3 

3.5 

.03 

9.4 

1.8 

T-3 

38.6 

.9 

5.6 

3.1 

8.0 

3.1 

.40 

9.1 

10.6 

AR-3 

38.6 

1.5 

7.0 

3.0 

8.3 

3.8 

.01 

7,3 

6.9 

SW-3 

36.4 

.7 

4.7 

1.5 

7.0 

3.4 

.35 

30.1“ 

AM-3 

36.4 

.5 

5.6 

3.3 

8.5 

3.4 

.045 

9.4 

6.5 

AR-3 

35.3 

1 . J 

6.8 

1.8 

7,6 

3.6 

8.8 

6.3 
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Table  2.  Composition  of  Liquid  Hydrocarbon  Fueld  (Cont’d) 


Total 
Aromatic 
Fuel  By  GC 

Code  No.  <50 

Benzene 

{'/>) 

Ethyl 

Toluene  Benzene 
(%)  <%) 

M ■*  P 0 
Xylene  Xylene 
<50  (%) 

TEL/ 

TML 

m 

<%> 

C l0+ 
(%) 

HI 

33.5 

1.7 

7.4 

1.7 

6.2 

2.3 

.44 

7.2 

6.9 

AR-I 

33.1 

1.1 

12.4 

l.l 

3.2 

1.1 

.01 

7.3 

6.9 

C-8 

32.9 

.4 

18.6 

.7 

3.3 

1.2 

- 

3.1 

5.6 

AM-6 

32.6 

1.0 

11.9 

1.4 

3.9 

1.6 

.005 

8.0 

4.6 

M-3 

31.1 

1.0 

4.5 

2.7 

7.1 

2.6 

.20 

7.7 

5.3 

SH-1 

30.8 

1.4 

10.8 

2.0 

4.9 

2.0 

.02 

5.6 

3.9 

M-l 

30.7 

1.6 

5.6 

2.3 

5.6 

2.1 

2.50 

7.9 

5.4 

SW-5 

30.0 

.9 

12.9 

1.0 

2.9 

1.2 

.01 

1 1.1* 

- - 

B 

30.0 

- 

30.0 

- 

- 

- 

- 

- 

- 

S-l 

28.9 

1.1 

5.6 

1.2 

4.7 

1.8 

.015 

6.0 

8.4 

S-2 

27.9 

.9 

3.9 

.9 

3.9 

1.4 

.41 

6.7 

10.1 

SW-4 

27.0 

1.2 

5.5 

2.8 

4.0 

1.6 

.44 

12.0° 

- 

G-l 

26.7 

.8 

4.0 

1.3 

4.6 

1.7 

.84 

6.3 

7.9 

AM-7 

25.1 

1.5 

6.2 

1.8 

5.1 

2.0 

.40 

5.9 

2.5 

AM-5 

24.4 

1.5 

6.0 

1.7 

4.9 

1,9 

.0075  5.7 

2.6 

J-l 

13.5 

.3 

.7 

.3 

1.1 

.4 

.025 

1.7 

9.1 

C-6 

12.4 

.3 

1.7 

.6 

3.3 

1.0 

2.26 

3.7 

1.7 

C-5 

8.1 

.5 

2.2 

.4 

1.5 

.5 

2.68 

1.4 

1.6 

NOThS: 


X 


Table  3.  Text  Compound  Formulations 


Parts  by  Weight 


Ingredients 

J-220 

J-230 

J-231 

J-232 

J-234  . 

1-235 

J-236 

Hydrin  200(1X0  Rubber) 

100. 

- 

- 

- 

Thiokol  ST  (Polysull’ide) 

too. 

Neoprene  WRT  Rubber 

too. 

- 

Paraeril  AJ  (Low  NBR) 

100. 

- 

FR-N  501  (Med  NBR) 

■ ' - 

- 

■~ 

100. 

- 

- 

Hyear  1001  (High  NBR) 

100. 

Paraeril  OZO(NBR/PVO 

•- 

100. 

Magnesium  Oxide 

4.0 

- 

- 

... 

Stearie  Acid 

0.5 

1.0 

1. 

1.0 

1.0 

1.0 

Zine  Oxide 

- 

5.0 

5.0 

5.0 

3.0 

5.0 

NBC  (Nickel  dibuty Idithio- 
carbamate) 

1. 

- 

■ 

- 

- 

- 

Zine  Stearate 

1. 

~ 

- 

... 

- 

- 

- 

Neo/one  A (N-phenyl-alpha- 
naphthylamine) 

... 

2.0 

... 

- 

HAF,  carbon  black 

50. 

- 

- ■ 

- 

SRF,  carbon  black 

- 

50. 

hO. 

50. 

50. 

50. 

FF.F,  carbon  black 

30. 

-• 

- 

Lime 

- 

1. 

- 

Red  Lead 

5. 

... 

... 

-- 

- 

TP-1) 5,  Plasticizer 

. — 

10. 

10 


Table  3.  Test  Compound  Formulations  (Cont'd) 


Parts  by  n'eight 

Ingredients  J-22*>  J-230 

J-231  J-232  J-234  J-235 

J-23<> 

Sulfur 

1.5  1.5  1.5 

1.5 

Zinc  Peroxide 

5.  - 

MBTS  (2.2'  Benzo  Thiazyl 
disulfide) 

1.5  1.5  1.5 

1.5 

NA-22  (2-mereaptiomi-  1.5  .? 

dazoline 

> 

-■ 

Antioxidant  MB  (2-mereapto  1.5 

benzimidazole) 

('uring  Conditions 

femperature,  ‘T  320  310 

Time,  minutes  30  30 

310  300  310  310 

30  40  30  30 

310 

30 

5.  Results.  Original  physical  properties  for  all  compounds  are  shown  in  Table 
5.  Tables  p through  14  contain  tensile  strength  retention.  elongation  retention,  volume 
swell,  and  diffusion  data  for  all  Phase  I tests.  Table  IS  gives  volume  swell  data  lor 
each  of  the  seven  elastomer  types  after  immersion  for  7 days  in  one  of  the  fourteen 
Phase  II  media.  Tables  In  and  17  contain  percent  tensile  strength  and  elongation 
retention  values  after  similar  immersion  of  dumbbell  specimens  in  six  of  the  fuels. 
Table  18  compares  actual  and  predicted  volume  swell  data  lot  tested  ami  untested 
reference  fuel/rubber  combinations. 

III.  DISC  USSION 

6.  Phase  I.  The  data  for  total  aromatic  content  of  the  34  different  fuels 
(Table  - ) underscore  the  wide  variation  in  composition  and  ultimate  deleterious 
effects  on  elastomeric  compounds  observed  in  this  investigation.  When  categorized 
according  to  lead  content,  the  unleaded  and  low-leaded  fuels  display  the  widest 
range  24.4'.'  to  5b.5r»  and  8.1'T  to  tO.1*;  . respectively.  The  leaded  fuels  occupy 
a narrower  mid-range  area  2h. Ti  to  38.P'i  aromatic  content.  As  aromatic  content 
decreases,  a proportionately  greater  amount  of  these  components  are  classified  under 
C,  and  groupings,  the  exact  structure  of  which  is  indeterminate. 

The  data  in  Tables  b through  14  were  organized  as  input  to  in-house  com- 
puterized regression  analysis  software  routines.  It  was  hoped  that  this  analysis  would 
uncover  certain  patterns  or  relationships  linking  a particular  aromatic  constituent 
with  the  severity  of  deterioration  observed  for  one.  several,  or  all  elastomers.  No 
satisfactory  correlation  could  be  established  More  sophisticated  technhiues.  involving 
stepwise  linear  regression,  were  then  applied.  Here  again,  results,  were  inconclusive. 
Aromatic  groups  (variables)  removed  early  from  the  step  wise  analysis  of  one  rubber, 
were  retained  until  the  end  for  another  rubber.  Also,  in  most  cases,  regression  was 
complete  after  lew  passes. 


Data  for  those  rubber/ fuel  exposures  which  were  employed  throughout  the 
Phase  I study  were  plotted  as  bar  graphs  for  each  of  the  nine  rubbers.  Percent  tensile 
retention  and  volume  swell  for  these  unleaded,  low-loaded,  leaded  (where  included), 
ami  lest  fuel  rubber  combinations  are  shown  in  f igures  I through  **.  While  no  distinct 
pattern  applicable  to  alt  rubber  fuel  combinations  is  discernible,  certain  generalizations 
can  be  made.  Unleaded  fuels  tend  to  produce  greater  tensile  strength  loss  and  higher 
volume  swell  than  low -leaded  or  leaded  fuels.  In  some  eases  (all  NlIR's,  neoprene,  and 
the  two  urethanes),  tensile  loss  is  stmiewli.il  greater  than  that  observed  for  the  three 
lest  fuels,  which  also  contained  no  lead.  In  the  four  situations  where  low-leaded  and 
Mills  leaded  fuels  can  be  compared  results  aie  mixed,  with  the  presence  of  additi.  u..t 
lead  having  no  coi resoundingly  greater  adverse  effect  on  tensile  retention  or  volume 

swell 


Table  5.  Onciii.il  Physical  l*i t>i vi  tips  <>l  l ost  Compounds 


Compound 

Tensile  Strength 
tlh  in' > 

llongatioit 
('.  * 

200  Modulus 
(!'■  m* ) 

Haul  ness 
Shore  A 

IS50 

5oO 

IOoO 

o5 

J-250-Neoprene 

52‘>s 

255 

2840 

.75 

J-.MI  I ow  NHR 

2050 

ISO 

7> 

j:.?:-ivi\Nuiiuie 

"4 1 

:oo 

’ 1 

J-254  Med  NBR 

1 SSI) 

445 

S(H) 

os 

J-255-High  NHR 

:t.4o 

425 

1270 

70 

J :.?<*-nbr  PVC 

::7o 

220 

2 1 20 

85 

Tster  l:  re  thane 

5 lot) 

555 

S40 

85 

l liter  I'rethanc 

40SO 

4ol) 

1410 

85 

Table  o.  Properties  of  Tpichlorohydrm-Tthylenc  Ovule  (ICO-I ) 
Richer  I \ posed  to  1 u|tiul  Hydrocarbon  I uels 


luel 

Code  No 

Total 
Aromatic 
By  (.(' 

t'O 

T>  pe 
of 

tiasoline 

Tensile 

Retained 

(') 

l*  lonjiation 
Retained 

(* 

Volume 

Swell 

('.) 

Piltusion 

Kale 

to/ yd*'  day) 

AM  2 

5o.5 

ll 

4».0 

52.8 

40.1 

.o‘>0‘> 

SW-7 

52.1 

I'L 

50.4 

55.0 

25.4 

.4045 

If 

500 

r 

45.8 

47.2 

5*>.o 

.0840 

SWI 

4o.4 

VI 

50.7 

ol.l 

25.1 

.4111 

SWo 

4I.‘> 

VI 

54.4 

o2.5 

25.4 

.2SoO 

SW-2 

40.0 

1 1 

0 1 .0 

o*>.4 

25.5 

.2541 

II 

400 

T 

5o.5 

52.5 

27.4 

.545*) 

SW-4 

5o  4 

1 1 

o.VI 

00.7 

22.5 

. 1 7.s7 

SW  5 

40.0 

l l 

o5.‘> 

70.8 

l‘).| 

. 1 747 

B 

40.0 

I 

02.8 

o5.*) 

21.5 

,25‘H) 

SW-4 

27.0 

ll 

71.4 

75.0 

1 8.0 

. 1 1 5o 

14 


Tabic  8.  Properties  oi  Low  Acrylonitrile  Rubber 


total 

Aromatic  Type 

Tensile 

Flongalion 

Volume 

Diffusion 

Fuel 

B>  C.C 

Ol 

Retained 

Retained 

Swell 

Rate 

Code  No 

t . > 

(iasolme 

r;> 

V . ) 

(0/  yd* /day) 

Table  Properties  of  PolysultiJc  Rubber  Exposed  loi Liejuid  Hydrocarbon  Fuels 
Total 

Aromatic  Type  Tensile  Donation  Volume  Diffusion 
Fuel  By  GC  of  Retained  Retained  Swell  Rate 


ode  No. 

('?) 

Gasoline 

trO 

rn 

AM-2 

56.5 

UL 

64.9 

68.0 

SW-7 

52.1 

UL 

69.6 

72.0 

Ft' 

50.0 

T 

52.2 

56.0 

SW-1 

46.4 

U L 

72.5 

72.0 

SW-6 

41.9 

UL 

75.8 

80.0 

SW-2 

40.6 

LL 

68.2 

80.0 

II 

400 

T 

63.0 

64.0 

SW-5 

56.4 

LL 

80.6 

88.0 

SW-5 

30.0 

UL 

77.1 

80.0 

H 

30.0 

T 

70.2 

76.0 

SW-4 

27.0 

LL 

82.6 

72.0 

Volume 

Swell 

(^1 

10.7 

8.7 

10.9 

8.7 

6.7 
5.9 

6.4 
5.2 
4.0 

4.4 

5.8 


Diffusion 

Rate 

tor/yd2, May  I 
.2271 
.1857 
.2114 
.1495 
.1505 
.1120 
.0979 
.0745 
.0957 
.0851 
.0705 


Table  10.  Properties  of  Medium  Acry  lonitrile  Rubber 
I xposed  to  l.iouid  Hydrocarbon  Fuels 


Table  1 1.  Properties  of  High  Acrylonitrile  Rubber 
lAposed  to  Liquid  Hytlrocarbon  Fuels 

Total 


Fuel 

Code  No 

Aromatic 
By  (V 

r . > 

Type 

of 

Gasoline 

Tensile 

Retained 

('<1 

lloneat  ion 
Retained 

M 

Volume 

Swell 

( ) 

Diffusion 

Rate 

(o//ydJ/da>  > 

U-7 

o:.‘> 

LI 

55.8 

00. 7 

41.5 

0.5 1 7 

AM-2 

5o.5 

III 

25.7 

55.4 

50.2 

0.5 1 1 

AM-I 

55.3 

UL 

25.5 

51.8 

42.0 

0.508 

SW  7 

50.8 

I'L 

28.0 

55.0 

57.8 

0.2o4 

IV 

50.0 

24.5 

51.8 

40.2 

0.555 

U-l 

44.8 

CL 

54.0 

04.0 

54.2 

0.252 

AM-4 

484 

I'L 

24.5 

o2.5 

55.4 

0.248 

SW-l 

40.4 

UL 

50.7 

55.7 

54.8 

0.220 

HO- 1 

45.7 

LL 

50.5 

02.5 

55.2 

0.254 

SW-(> 

41.4 

U1 

41.5 

04.0 

24.8 

0.105 

TO 

41.4 

LL 

55.2 

78.0 

50  8 

0.144 

s\v-: 

40. 0 

IT 

5o.4 

58.4 

28.7 

0 044 

ii 

40.0 

50.4 

04.5 

50.4 

0.1 4 1 

r-i 

58.4 

UL 

58.4 

00. 1 

50.5 

0.148 

t-: 

58.0 

L 

44.0 

75.2 

25.4 

0.055 

AK-: 

58.0 

UL 

45.7 

75.2 

27.5 

0.077 

SW-5 

50.4 

LL 

47.5 

75.0 

25.4 

0.052 

AM  -5 

5o  4 

Ul 

511 

78.0 

24." 

0.052 

AR-5 

55.: 

UL 

50.4 

85.4 

2o.O 

0.070 

III 

55.5 

LL 

58.5 

85.0 

27.8 

0.047 

A R-I 

55.1 

IT 

44.4 

75.0 

27.4 

0.0"4 

U-8 

52.4 

Ul 

45.0 

71.4 

25.7 

0. 1 1 8 

AM-h 

52.0 

Ul 

41.7 

07.4 

25.2 

0.044 

M-5 

51.1 

LL 

00. 1 

87.5 

21.7 

0.015 

Sll-I 

50.8 

Ul 

48.5 

7o  8 

25.2 

0.042 

Ml 

50.7 

1 

48  5 

"5.2 

20.8 

0.004 

SW-5 

500 

Ul 

54.0 

80  4 

21.4 

0.054 

11 

50.0 

45.4 

75.2 

25.4 

0.1  In 

S-l 

28.4 

UL 

48.5 

85.4 

21.5 

0.005 

s-: 

2".  4 

l l 

54,1 

80.4 

20. 1 

0.002 

SW-4 

27.0 

1 1 

55  4 

80.4 

20  0 

0.108 

(i-l 

2t>." 

1 

52.1 

8 "’.5 

15.8 

0.005 

AM-"’ 

25.1 

1 1 

52  8 

82.1 

1 4 5 

0.010 

\M  5 

24  4 

IT 

45  0 

04  0 

18.4 

0 02« 

.1-1 

15.5 

8"  8 

101.8 

4 1 

0.005 

( -0 

1 2.4 

1 1 

SO  1 

4s.: 

0.0 

0.008 

( -5 

S 1 

1 1 

"4.8 

4 2 4 

• 4 

0.000 

\ 

I . 

x 

X 

x. 

f 

i 

1 

Table  1 3.  Properties  of  Polyester  Polyurethane  Coating 

1 \poseil  to  l.ii|tiii!  Hydrocarbon  Fuels 

Total 

Aromatic 

Type 

Tensile 

Flongation 

Volume 

Diffusion 

'i 

i 

F 

id 

By  (iC 

of 

Retained 

Retained 

Swell 

Rate 

* 

Coil 

e No. 

Vi) 

(iasoline 

V/r) 

Vi) 

Vi) 

toz/ydJ/day) 

V 

C-7 

62.9 

LL 

70. 

100.9 

9.9 

.0039 

i 

AM-2 

56.5 

UL 

59.5 

105.0 

13.3 

.0080 

AM-I 

55.3 

UL 

53.8 

1 00.8 

16.4 

.0140 

SW-7 

50.8 

UL 

62.9 

100.9 

1 1.7 

.0120 

F< 

50.0 

58.5 

98.3 

1 6.9 

.0400 

■t 

C- 

1 

49.8 

UL 

58.4 

103.4 

9.7 

.0041 

AM-4 

48.4 

UL 

70.4 

107.7 

11.3 

.0165 

»*. 

SW-I 

46.4 

UL 

71.8 

101.7 

9.7 

.0090 

HO-I 

45.7 

LL 

61.0 

104.3 

1 l.l 

.0036 

i ;! 

SW-6 

41.9 

UL 

71.8 

102.6 

8.3 

.0080 

% 

T- 

SV 

3 

41.4 

LL 

69.2 

104.0 

8.3 

.0029 

' 

40.6 

LL 

70.6 

99. 1 

6.7 

.0065 

II 

40.0 

75.6 

100.0 

12.3 

.0130 

r- 

• 

1 

38.9 

UL 

67.3 

102.5 

7.7 

.0050 

T- 

*» 

38.6 

L 

73.1 

105.1 

5.8 

.0023 

Ak-2 

38.6 

UL 

66.6 

107.7 

6.8 

.0070 

SW-3 

36.4 

LL 

78.3 

100.9 

5.3 

.0070 

AM-3 

36.4 

UL 

67.0 

103.0 

6.0 

.0100 

AR-3 

35.2 

UL 

67.6 

107.7 

6.6 

.0090 

II-ll 

33.5 

LL 

66.0 

105.0 

10.4 

.0030 

AR-I 

33.1 

UL 

66.3 

99.2 

7.6 

.0100 

c-k 

32.9 

UL 

73.0 

99.7 

6.6 

.0027 

AM-6 

32.6 

UL 

81.1 

101.7 

7.2 

.0006 

M-I3 

31.1 

LL 

70.5 

102.6 

5.0 

.0023 

•/ 

sii-i 

30.8 

UL 

61.2 

100.8 

6.3 

.0027 

M- 

1 

30.7 

L 

73.8 

103.4 

7.1 

.002 1 

SW-5 

30.0 

UL 

80.1 

104.3 

5.6 

.0070  . 

^ 1 

B 

30.0 

83.7 

q 

ri 

O 

8.0 

.0070 



S-l 

28.9 

UL 

71.4 

104.3 

6.8 

.0060 

S- 

■> 

27.9 

LL 

76.2 

102.6 

6.3 

.0021 

SW-4 

27.0 

LL 

81.6 

107.7 

5.1 

.0110 

\ 

1 

26.7 

L 

68.4 

102.5 

X'5.9 

.0027 

- AM-7 

25.1 

L 

78.0 

100.9  / 

6.6 

.0017 

AM-5 

24.4 

UL 

84.6 

104.3  { 

5.7 

.0007 

J-l 

13.5 

77.3 

I04..l/ 

2.1 

.0020 

C-6 

12.4 

LL 

92.0 

100.9 

2.4 

.0002 

C- 

5 

8.1 

LL. 

88,4 

100.9  / 

" 3.4 

.0026 

/ 

/ 

- 
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ruble  14.  Properties  of  Polyetlier  PolyurcthaneCoating 

I- x posed  to  Liquid  ll-droearhon  Fuels  | 

Total 


Aromatic 

Type 

Tensile 

Flongation 

Volume 

Diffusion 

Fuel 

By  CJC 

of 

Retained 

Retained 

Swell 

Rate 

Code  No. 

c;> 

Gasoline 

('-) 

) 

('■',) 

<oz/vd:/day> 

C-7 

p:.<) 

IF 

35.8 

70.2 

6 2.2 

1.674 

am-: 

56.5 

UL 

41.3 

85.2 

60.2 

1.844 

AM-1 

55.3 

UL 

42.1 

87.8 

62.6 

1.510 

SW-7 

50.8 

UL 

43.2 

84.3 

57.8 

1.660 

FC 

50.0 

40.2 

76.5 

58.0 

1.430 

C-l 

40.8 

UL 

46.6 

03.0 

54.5 

1.644 

AM-4 

48.4 

UL 

42.2 

86.6 

52.8 

1.325 

SW-I 

46.4 

UL 

44.4 

80.0 

54.3 

1.718 

HO-I 

45.7 

LL 

46.6 

01.3 

54.5 

1.530 

SW-6 

41.0 

UL 

47.2 

86.1 

40.6 

1.208 

r-3 

41.4 

LL 

47.0 

87.8 

50.4 

1.258 

sw-: 

40.6 

LL 

45.0 

83.5 

50.2 

1.277 

ii 

40.0 

50.3 

71.3 

48.7 

1.004 

T-l 

38.0 

UL 

40.4 

01.3 

51.7 

1.261 

T-2 

38.6 

L 

50.6 

03.0 

48.0 

1. 08 1 

AR-2 

38.6 

UL 

46.8 

86.1 

40.1 

1.180 

SW-3 

36.4 

LL 

46.3 

82.6 

47.3 

1.106 

AM-3 

36.4 

UL 

50.5 

00.4 

47.5 

1.036 

A R-3 

35.2 

UL 

40.2 

80.6 

48.3 

1.120 

H-l 

33.5 

LL 

47.0 

86.0 

51.0 

1.378 

AR-1 

33.1 

UL 

46.8 

00.4 

40.7 

1.010 

C-8 

32.0 

UL 

45.4 

01.5 

4ri.2 

1.162 

AM-6 

32.6 

UL 

48.8 

03.4 

43.0 

1.002 

M-3 

31.1 

LL 

53.2 

05.7 

42.0 

.855 

SIM 

30.8 

UL 

51.8 

04.8 

43.7 

1.100 

M-l 

30.7 

L 

53.1 

87.8 

45.6 

.830 

SW-5 

30.0 

UL 

47.7 

84.3 

42.8 

.070 

B 

30.0 

- 

52.7 

71.3 

42.3 

.778 

S-l 

28.0 

UL 

54.4 

00.4 

44.6 

.818 

s -: 

27.0 

LL 

52.2 

87.8 

44.8 

.878 

SW-4 

27.0 

LL 

51.0 

87.0 

41.1 

.081 

CM 

26.7 

L 

51.8 

03.0 

30.6 

,.60| 

AM-7 

25.1 

LL 

48.0 

04.5 

30.5 

.036 

AM-5 

24.4 

UL 

46.2 

00.8 

38.5 

.813 

J-l 

13.5 

58.7 

07.4 

24.8 

.271 

(-6 

12.4 

LL 

55.4 

08.4 

30.8 

.425 

C-5 

8.1 

LI 

55.4 

06.3 

30.5 

.664 
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I'.iMoly  Volume  Swell  Phase  II  lesls 
Compounds 


Fud 

Code 

ICO 

Neoprene 

1 ou  NHR 

llieli  NHR 

NHR  PVC 

Isler 

Urethane 

Idler 

Urethane 

1 

3 

1') 

14 

1 

4 

1 

12 

154 

in: 

1 7‘) 

1 12 

142 

41 

102 

3 

1 1: 

K.7 

1 64 

0() 

123 

20 

‘>1 

4 

IS' 

157 

ISI 

131 

157 

>»> 

1 14 

S 

62 

54 

25 

37 

S 

42 

<t 

:x 

7X 

67 

32 

43 

16 

47 

7 

31 

SI 

70 

S 

26 

77 

65 

0 

31 

so 

70 

10 

30 

7S 

6X 

31 

44 

IS 

46 

1 1 

20 

77 

64 

30 

43 

15 

47 

i: 

3S 

‘>0 

S4 

3») 

55 

20 

56 

13 

51 

1 17 

102 

4S 

60 

25 

65 

14 

68 

131 

IIS 

5‘) 

86 

27 

76 

Tahlejjv  Percent  Pensile  Si ronyth  Retention  Phase  II  Tests 


Compounds 


Fuel 

Code 

ICO 

Neoprene 

l ow  NHR 

lliiili  NHR  NBR/PVC 

Ister 

Urethane 

Filler 

Urethane 

1 

XO 

55 

82 

84 

‘>0 

115 

83 

5 

63 

33 

36 

45 

63 

84 

S3 

6 

53 

21 

32 

3*> 

43 

65 

41 

12 

45 

17 

23 

33 

40 

5‘> 

36 

13 

36 

15 

17 

27 

30 

50 

35 

14 

20 

15 

16 

1 •> 

2‘> 

43 

32 

Table  1 7. 

IVreent  Flongation  Retention 

Phase 

II  Tests 

Compounds 

Fuel 

lister 

Filler 

Code 

ICO 

Neoprene 

I ow  NHR 

llii-li  NHR  NBR/I’VC 

Urethane 

Urethane 

1 

ss 

77 

S') 

77 

1 10 

08 

101 

5 

64 

57 

58 

73 

61 

102 

71 

6 

63 

45 

58 

57 

8l> 

108 

01 

12 

56 

40 

50 

52 

82 

105 

80 

13 

4‘> 

38 

36 

45 

64 

102 

00 

14 

42 

36 

3') 

3‘) 

68 

06 

88 
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Figure  6.  Tentile  retention  and  volume  swell  - high  NBR  rubber. 


30  Z 8 - 40. 6Z 

41. 9Z  9 - 26. 7X 


Figure.  7.  Tenwle  retention  and  eolume  *wetl  - NBR/PVC  rubber. 


Four  of  the  five  unleaded  fuels,  only  one  of  the  low-leaded  fuels,  and  none 
of  the  leaded  fuels  compared  contained  an  aromatic  content  of  over  40%.  When  this 
factor  is  considered  in  evaluating  the  data  in  Figures  I through  9 or  in  considering 
the  whole  spectrum  of  rubber/fuel  combinations  studied,  the  results  fall  in  line  with 
what  one  could  predict.  I liglier aromatic  content  results  in  more  severe  swelling  and 
deterioration,  regardless  of  the  presence  or  absence  of  lead.  Likewise,  the  test  fuels 
currently  used  remain  fairly  reliable  indicators  of  performance.  However,  it  becomes 
obvious  that  test  fuels  having  40%.  50'?.  or,  perhaps,  even  60%  aromatic  content 
must  now  be  used  to  assure  adequate  evaluation  of  elastomer  performance.  Finally, 
among  the  representative  elastomer  types  evaluated,  FCO,  polysulfide,  high  NBR,  and 
the  ester  polyurethane  are  preferable  choices  if  other  requirements  do  not  preclude 
their  use. 

. ! 

Diffusion  of  the  fuels  through  circular  specimens  of  the  nine  rubbers  general- 
ly follows  the  same  pattern  as  the  other  properties  evaluated.  Higher  aromatic  content 
fuels  escape  through  the  rubber  at  a faster  rate  than  those  of  low  aromatic  content. 
The  low  rate  of  fuel  escape  shown  by  the  ester  urethane  is  one  significant  reason  w ny 
this  material  is  now  being  used  in  fabrication  of  coated  fabric  fuel  storage  tanks  jin 
preference  to  the  previously  favored,  but  more  porous,  low  and  medium  NUR’s  and 
neoprene.  ' j 

7.  Phase  II.  Intensive  previous  studies  of  the  performance  characteristics 
of  fuel-resistant  rubbers  have  shown  that  swelling  and  loss  of  tensile  strength  add 
elongation  stabilizes  after  4N  to  9(>  hours’  exposure.  Prolonged  exposure  beyoiid 
96  hours  may  produce  further  changes  but  they  are  of  little  significance.  Seven  days’ 
exposure  time  was  employed  in  Phase  II  tests  to  insure  that  all  test  luel/rubber  com- 
binations had  stabilized,  particularly  those  having  60%  and  70%  aromatic  content  | 
levels  not  generally  employed  previously.  Figures  10.  II,  and  12  compare  the  per- 
centage loss  of  tensile  strength  and  elongation  and  the  increase  in  volume  swell  ob- 
served for  all  of  the  seven  rubbers  selected  for  this  study.  No  diffusion  testing  wds 
conducted  in  Phase  II.  j 

The  elongation  retention  data  of  Figure  1 1 are  a bit  erratic  and  some  anom- 
alies are  evident.  However,  the  tensile  retention  data  of  Figure  10  and,  particularly, 
the  volume  swell  data  of  Figure  12  clearly  show  that  there  is  no  leveling-off  or  plateati 
effect.  Degradation  of  strength  and  swelling  continues  at  a rate  proportionate  to  the 
total  aromatic  content  of  the  test  fuel.  At  the  60%  aromatic  content  level  (observed 
in  some  of  the  Phase  I commercial  fuels)  volume  swell  of  neoprene  and  low  NHK, 
two  of  the  most  commonly  used  elastomer  types,  exceeds  100%  and  less  than  20% 
of  the  original  tensile  strength  is  retained.  Superiority  of  the  polyester  urethane 
is  apparent  and  is  further  evidenced  by  the  fact  that  even  at  the  100%  aromatic  level, 
the  swell  of  this  rubber  is  less  than  60%  ( fable  I 5) 
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Figure  11.  Retention  of  elongrtion  — 7 -dry  immtruon  in  Itfl  fuels.  (Table  4| 
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How  well  do  these  test  fuels  reflect  performance  characteristics  of  elas- 
tomeric compounds  exposed  directly  in  commercial  fuels?  This  was  examined  by 
extracting  data  from  the  Phase  1 work  which  could  be  compared  with  results  from 
Phase  II.  Data  for  the  low  and  high  NBR’s  and  the  two  urethane  rubbers  exposed  in 
unleaded  fuels  of  30%  and  50.8%  aromatic  content  and  low-leaded  fuels  of  40.6% 
and  62.9 % aromatic  content  were  selected.  Tensile  strength  retention  and  volume 
swell  of  these  rubber/fuel  combinations  are  shown  in  Figures  13  and  14,  together 
with  comparable  data  for  tiie  same  rubbers  exposed  in  the  test  fuels  of  30%,  40%,  50%, 
and  60%  aromatic  content.  Correlation  of  test  and  commercial  fuel  data  is  generally 
good,  the  only  significant  exception  being  the  lower  volume  swell  of  the  polyester 
urethane  in  the  commercial  fuels.  This  comparison  again  demonstrates  that  the  pres- 
ence or  absence  of  lead  in  a commercial  fuel,  to  which  an  elastomeric  compound  is 
exposed,  is  not  important  as  the  selection  of  test  media  having  comparable  or  slightly 
higher  aromatic  content. 

The  issuance  of  directives  forbidding  the  use  of  benzene  in  test  fuels 
prompted  further  work  to  ascertain  whether  this  carcinogen  could  be  eliminated 
from  Medium  No.  5 of  FTMS  601,  Method  6001  and  replaced  with  toluene  or  xylene. 
Volume  swell  testing  was  conducted,  therefore,  on  six  laboratory  prepared  test  fuels 
having  the  following  composition: 


Isooctane 

Toluene 

Xylene 

Benzene 

(%)  * 

(%) 

(%) 

(%) 

60 

40 

0 

0 

60 

25 

15 

0 

60 

20 

15 

5 

60 

15 

20 

5 

60 

20 

5 

15 

60 

5 

15 

20 

Volume  swell  results  for  each  of  the  seven  Phase  II  rubbers  exposed  in  the 
above  test  fuels  are  shown  in  Figure  15.  No  significant  increase  or  decrease  in  volume 
swell  attributable  to  variation  in  benzene  content  was  observed.  Any  variance  of  less 
than  5 % such  as  occurred  here  is  easily  within  the  span  of  allowable  experimental  error. 
These  data  also  indicate  that  the  necessity  for  inclusion  of  xylene  in  Medium  No.  5 
is  questionable.  A reference  fuel  consisting  of  60%  isooctane  and  40%  toluene  would 
be  adequate  as  a replacement  for  Medium  No.  5 and  us  an  additional  40%  aromatic 
reference  fuel  in  ASTM  D-471. 
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Low  SBR  High  NBR  Polyester  Urethane  Polyether  Urethane 

Figure  14.  Volume  iwei!  — ten  versus  commercial  fueli.  (Table  4) 


Data  generated  in  the  above  benzene  study  and  other  Phase  li  work  provided 
sufficient  information  to  attempt  prediction  of  the  volume  swell  of  randomly  selected 
test  fuels  wherein  the  isooctane  content  was  varied  between  30%  and  70%  and  the 
toluene,  xylene,  and  benzene,  between  0%  and  50%.  The  composition  of  the  eon- 
stitutents  of  the  tested  fuels,  expressed  as  a percentage  of  the  total  volume,  together 
with  observed  volume  swells  for  the  seven  Phase  II  rubbers  formed  a matrix  of  data 
input  to  a computer  program  for  simplified  regression  analysis,  written  in  the  Basic 
language.  Regression  coefficients  obtained  were  then  used  to  calculate  the  predicted 
volume  swell  for  untested  rubber/fuel  combinations.  Results  of  this  analysis  are 
contained  in  Table  18.  In  order  to  spot  check  for  accuracy,  volume  swells  for  nine 
selected  untested  rubber/fuel  combinations  were  then  determined,  with  the  resultant 
values  also  included  in  Table  1 8. 

, Agreement  between  actual  and  predicted  volume  swell  in  the  nine  cases 

where  the  comparison  was  made  was  excellent.  More  important,  however,  is  the 
fact  that  closer  examination  of  the  predicted  volume  swell  data  lends  further  support 
to  the  rationale  for  selecting  a 60/40  isooefane/toluene  mixture  as  a replacement 
for  Medium  No.  5.  In  all  Phase  I work,  the  benzene  content  of  the  commercial  fuels 
never  exceeded  the  5%  level  of  Medium  No.  5.  When  the  40%  aromatic  content 
consisted  entirely  of  benzene  (No.  20  of  Table  18),  in  three  cases  (ECO,  neoprene, 
and  low  NBR),  the  predicted  volume  swell  exceeded  that  of  the  test  fuel  containing 
40%  toluene  (No.  8).  However,  when  the  test  fuel  contained  only  40%  xylene  (No. 
19),  the  predicted  volume  swell  for  ECO,  low  NBR,  and  the  NBR/PVC  rubbers  was 
significantly  lower  and  in  none  of  the  other  cases  did  it  exceed  that  of  the  40%  toluene 
test  fuel  by  more  than  4%.  Finally,  even  when  the  prediction  matrix  was  extended 
to  include  combinations  of  60%  aromatic  content  (Nos.  25  to  29).  volume  swell 
values  were  predominantly  within  the  range  of  the  ±5%  allowable  for  experimental 
error. 


IV.  CONCLUSIONS 
8.  Conclusions.  It  is  concluded  that: 

a.  The  wide  variations  in  type  and  level  of  aromatic  eonstitutents  of 
unleaded,  low-leaded,  and  leaded  commercial  fuels  preclude  establishment  of  definite 
relationships  between  fuel  composition  and  deleterious  effects  on  rubber  compounds 
beyond  that  which  can  be  ascertained  through  use  of  laboratory  reference  or  test 
fuels. 

b.  The  presence,  absence,  or  concentration  of  lead  in  commercial  fuels 
cannot  be  correlated  with  relative  degradative  effects  on  elastomeric  compounds. 
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c.  Unloaded  fuels  by  virtue  of  their  generally  higher  aromatic  content 
are  somewhat  more  deleterious  to  rubber  compounds,  but  anomalies,  presumably 
related  to  the  presence  of  other  additives.  may  occur  when  comparisons  are  made 
with  low-leaded  or  leaded  fuels. 


d.  Changes  in  physical  properties  of  elastomeric  compounds  exposed 
in  laboratory  test  fuels  of  increasing  aromatic  content  ( 1 0-7 O' ; ) occur  at  a rate  propor- 
tionate to  the  aromatic  content.  No  leveling-off  or  plateau  effect  is  discernible. 


e.  The  benzene  content  of  commercial  fuels  is  less  than  a level  low 
enough  to  justify  elimination  from  laboratory  test  fuels  in  compliance  *"*th  OSHA 
directives. 


i 


f.  Substitution  of  additional  toluene  for  both  xylene  and  benzene  in 
Medium  No.  5 of  FfMS  601.  Method  bOOi  will  have  no  adverse  effect  on  the  reliabil- 
ity of  estimating  the  deleterious  effects  of  fuels  on  elastomeric  compounds. 


g.  A new  reference  fuel  consisting  of* a 60/40  ratio  of  isooetane  and 
toluene  by  volume  should  be  included  in  both  ASTM-D47I  and  FI  NIS  601.  Method 
<>001  to  fill  the  need  for  a 40  ,'  aromatic  test  medium. 
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ATTN:  DRXMR-STL.  Tech  l ib 
Watertown.  M A 02172 


1 Technical  Library 

Chemical  Systems  Laboratory 
Aberdeen  Proving  Ground,  MD 
21010 

1 Commander 

US  Army  Aberdeen  Proving  Ground 
ATTN:  STEAP  MT  U (GE  Branch) 
Aberdeen  Proving  Ground,  MD 
21005 

2 Director 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN:  DRXSY-CM 
DRXSY-MP 

Aberdeen  Proving  Ground.  MD 
21005 

1 Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRDAR-TSB-S  (STINFO) 
Aberdeen  Proving  Ground,  MD  21005 

I Commander 

US  Army  Engineer  Waterways 
Experiment  Station 
ATTN:  Chief,  Library  Branch 

Technical  Information  Center 
Vicksburg.  MS  39180 

I Commander 

Plcatinny  Arsenal 
ATTN:  SARPA-TS-S  No.  59 
IX>ver.  NJ  07801 

1 Commander 

US  Army  Troop  Support  and  Aviation 
Materiel  Readiness  Command 
ATTN:  DRSTS-KTE 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 

2 Director 

Petrol  & Fid  Sve  Dept 
US  Army  Quartermaster  School 
Fort  Lee.  VA  23801 

1 Commander 

US  ,umy  Electronics  Research  and 
IVvelopmcnt  Command 
AT  I N DRSIT  -GG-1.) 

Fort  Monmouth.  NJ  07703 
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No.  Copies  Addressee 


I President 

US  Army  Aviation  Test  Board 
ATTN:  STEBGPO 
Fort  Rucker,  AL  36360 

I US  Army  Aviation  School  Library 

P.O.  Drawer  O 
Fort  Rucker.  AL  36360 

1 HQ,  193D  Infantry  Brigade  (CZ) 

Directorate  of  Facilities  Engineering 
Fort  Amador,  Canal  Zone 

1 Commander 
Forces  Detachment  (Air- 
>,  Europe 

APO  New  York  09050 

2 Engineer  Representative 

US  Army  Standardization  Group, 

UK 

Box  65,  FPO  New  York  09510 

I Commander 

Rock  Island  Arsenal 
ATTN  SARRU.PL 
Rock  Island.  IL  61201 

I HQ.  DA,  ODCSLOG 

Directorate  for  Transportation 
and  Services 
Army  Energy  Oflke 
Room  ID5% 

Washington.  DC  20310 

I Plastics  Technical  Evaluation  Ctr 

Rcafinny  Arsenal,  Bldg  1 76 
AFTN:  A M.  An/alone 
SARPA-FR-M-1) 

Dover.  NJ  07S0I 

I Commander 

Frankford  Araenal 

ATTN:  Library.  K2400.BI  51-2 

Philadelphia,  PA  |9|37 

I learning  Resources  Center 

US  Army  Engineer  School 
Bldg  270 

Fort  Belvotr.  VA  22060 
I President 

US  Army  Airborne.  Communications 
and  Electronics 
ATTN  SIT  BE  ABTD 
l-ort  Bragg.  NC  2S307 


! Commander 

Headquarters,  39th  Engineer  Battalion 
(CBT) 

Fort  Devens,  MA  01433 

I President 

US  Army  Armor  and  Engineer  Board 
ATTN:  ATZK-AE-TD-E 
Fort  Knox,  KY  40121 

I Commander  and  Director 

USAFESA 
ATTN:  FESA-RTD 
Fort  Belvoir,  VA  22060 

I Director 

US  Army  TRADOC  Systems  Analysis 
Activity  . 

ATTN:  ATAA-SL  (Tech  Ub> 

White  Sands  Missile  Range.  NM 

88002 

I HQ.  USAEUR  A Seventh  Army 

Deputy  Chief  of  Staff,  Engineer 

ATTN:  AEAEN-MT-P 
APO  New  York  09403 

I HQ.  USAEUR  A Seventh  Army 

Deputy  Chief  of  Staff.  Operations 
ATTN:  AEAGCFMD 
APO  New  York  09403 

I Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-WD-Sl) 

Fort  Sill,  OK  73503 

MERADCOM 

I Commander.  DRDME-Z 

Technical  Director,  DRDME  /T 
Assoc  Tech  Dir/RAD.  DRDMI  ZN 
Assoc  Tech  Dir/Engrg  A Acq. 

DRDMEZE 

Spec  Asst/Matl  Asnrt.  DRDME-ZG 
Spec  Asst/fech  Asmt.  DRDME-ZK 
CIRCULATE 

I Chief.  Ctrmine  lab.  DRDMI  N 

Chief.  Elec  Pwr  lab,  DR  DM  EE 
Chief, Cam  A Topo  Lab,  DRDMI  R 
Chief.  Mar  A Br  lab.  DRDMI  M 
Chief.  Moch  A Const!  I qpt  lab. 

DRDMI  II 

Chief.  Ctr  In trus  l ab.  DRDMI  \ 

Ihr.  I’toduct  AAI  Dticctoiate.  DRDMI  V 
CIRCUl  Al  l 
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Addressee 

1 

Material  Technology  Lab,  DRDMF'-V 

1 

Mr.  William  J.  Engle 

10 

Rubber/Coated-Fabric  Re*  Div, 
DRDMEVU 

Chief,  Utilities  Branch 

HO  USAF/PREEU 

n 

Chief.  Fngy  A Wtr  Re*  Lab. 
DRDME-G 

Washington,  DC  20332 

3 

Tech  Reports  Ofc,  DRDME-WP 

1 

AFSC/INJ 

3 

Security  Office  (for  liaison  officers). 
DRDMF-S 

Andrews  AFB,  MD  20334 

■» 

Tech  Library.  DRDME-WC 

1 

AFCEC/XR/21 

i 

i 

Programs  A Anal  Dir.  DRDME-U 

Pub  Affairs  Ofc.  DRDMF-1 

Tyndall  AFB.  FL  32401 

i 

i 

Ofc  of  Chief  Counsel,  DRDME-L 

Department  of  the  Navy 

Director,  Physics  Program  (421) 

1 

HQ  USAF/PRFES 

ATTN:  Mr.  Edwin  B.  Mixon 
Bolling  AFB- Bldg  626 

Washington.  DC  20332 

Office  of  Naval  Research 

Arlington.  V A 22217 

1 

AFAPL/SFL 

Wright-Patterson  AFB,  OH  45433 

i 

Director 

Naval  Research  Laboratory 

ATTN:  Code  2627 

Washington.  DC  20375 

1 

Department  of  Transportation 
Library,  FOB  10A,  TAD-W.6 

800  Independence  Ave.  SW 
Washington.  IX'  20591 

i 

Commander,  Naval  Facilities 
Engineering  Command 

Other* 

Department  of  the  Navy 

ATTN:  Code  03 2- A 

200  Stovall  Street 

Alexandria.  V A 22332 

I 

Professor  Raymond  R.  Fox 

School  of  Engineering  and  Applied 
Science 

The  George  Washington  University 
Washington,  DC  20052 

i 

LIS  Naval  Oceanographic  Office 
Library  (Code  1600) 

Washington,  DC  20373 

1 

Reliability  Analysis  Center 

Rome  Air  Development  Center 
ATTN:  1.  L.  Ktulac 

i 

i 

Officer-in-Charge  (Code  131) 

Civil  Engineering  Laboratoiy 

Naval  Construction  Battalion  Center 
Port  Hueneme,  CA  93043 

Director 

Earth  Physics  Program 

Code  463 

Office  of  Naval  Research 

Arlington.  V A 22217 

Griffis*  AFB,  NY  13441 

i 

Naval  Training  Equipment  Ctr 

ATTN : Technical  library 

Orlando.  EL  32813 

Department  of  the  Air  Force 

/ 

i 

MO  CSAE '-RDPS (Mr  Allan  1 alls) 
Washington.  IX’  20330 

4(> 


